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Abstract
I present a brief review of prospects for discovering supersymmetry, focusing primarily on the





is given to expectations in the context of models with GUT boundary conditions motivated by
Supergravity and Superstrings. An overview of related conference contributions is given.
1. Introduction
The success of gauge coupling unication in the
context of the Minimal Supersymmetric Model (MSSM)
lends considerable credence not only to the possibility
that this extension of the Standard Model is correct,
but also to the idea that the boundary conditions
for all the soft-supersymmetry-breaking parameters
at the unication scale could be relatively simple
and universal. Supergravity and superstring theory
each provide particularly attractive and well-motivated
examples of such boundary conditions. These, and
their phenomenological implications, especially for the
Tevatron and LEPII, are briey reviewed, with emphasis
on the very real possibility that supersymmetry could
be discovered at these two (highly complementary)
accelerators. My discussion will be based on the study
of Ref. [1]. References to the many related studies are
given therein; in particular, see Ref. [2].
The four basic parameters of supersymmetry breaking
are: a) the gaugino masses M
a
(where a labels the
group); b) the scalar massesm
i
(where i labels the various
scalars, e.g. Higgs, sleptons, squarks); c) the soft Yukawa
coecients A
ijk
; and d) the B parameter which species

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the soft mixing term between the two Higgs scalar elds.
The supersymmetry-breaking schemes considered here
will be: i) `no-scale' or minimal supergravity (labelled
by MS) and ii) dilaton-like superstring (labelled by D).
Predictions in these models for the B parameter are
rather uncertain, and so we shall leave it a free parameter.
In the MS models the only other source of supersymmetry
breaking is via the gaugino masses M
a
, which are taken































These latter dilaton-like boundary conditions are cer-
tainly those appropriate when supersymmetry breaking
is dominated by the dilaton eld in string theory, but
also apply for a remarkably broad class of models (includ-
ing Calabi-Yau compactications, and orbifold models in
which the MSSM elds all belong to the untwisted sec-
tor) so long as the moduli elds do not play a dominant
role in supersymmetry breaking. For a brief review and
detailed references, see Ref. [1].
Given either choice of boundary conditions, if the





) = 170GeV, corresponding to a pole mass of
about 178 GeV) only two free parameters and a sign
remain undetermined after minimizing the potential. The
two parameters can be taken to be tan , the ratio of
2the neutral Higgs eld vacuum expectation values, and
m
eg
, the gluino mass. The parameter B is determined in
terms of these, as are all other superpotential parameters,
including the magnitude of the Higgs supereld mixing
parameter . However, the sign of  is not determined.









superscript indicating the sign of | the phenomenology




The discussion so far has obscured one fundamental
problem facing the gauge coupling unication success:
namely, the scale M
U
at which the couplings naturally
unify is  2  10
16
GeV, i.e. much less than the





GeV. A variety of excuses for this have
been discussed. In Ref. [1] two extreme approaches are
adopted: i) ignore the dierence | a fuller understanding
of the feed-down of SUSY breaking from the full
supergravity or superstring theory could resolve the
discrepancy; ii) assume that the unication at M
U
is
only apparent (i.e. accidental) and introduce a minimal
set of additional matter elds at high scale with masses
chosen precisely so as to give coupling unication at M
S
.
I will not go into details regarding these extra elds; a
discussion and references can be found in Ref. [1]. The
models with such extra elds will be termed the `string-
scale-unied' versions of the previously listed models, and










To systematically investigate the resulting 8 models, we
rst establish the allowed region of m
eg
{tan parameter
space for each subject to: a) all predicted SUSY
partner particles (including the light Higgs h
0
) are
unobservable; b) the lightest SUSY particle is either
the lightest neutralino e
0
1
(as is always the case for the
allowed parameter space of the models explored here)
or the sneutrino e; c) the top quark Yukawa remains







d) proper electroweak symmetry breaking and a global
minimum are obtained. We do not impose b ! s,
relic abundance, or proton decay constraints, as these all
have considerable uncertainties and/or require additional
model-dependent input. We also do not require exact
b   Yukawa unication. Figure 1 shows the D and SD
parameter space boundaries; SMS results are similar.
The lower m
eg













=2. The upper limit on tan  results from
requiring that the lighter e eigenstate not be the LSP.
The lower limit on tan  results from the requirement
that 
t
remain perturbative at all RGE scales. In the
D, SD, and SMS models there is no upper limit on m
eg
Figure 1. Parameter space boundaries and discovery contour
















are the dotted, short-dash, and dot-dash curves,





700GeV for MS models), although standard
considerations of naturalness and accurate gauge coupling
unication both suggest that m
eg
<
1TeV. Note that the







(see the right-hand axis of the gure), are at most 25%.
Within the allowed parameter spaces shown, the
masses of the SUSY particles scale with m
eg
; variation of
the masses with tan  at xed m
eg
is relatively limited for
m
eg





































clustering between 0.2 to 0.4 times m
eg
. First and
second generation squark masses are of order m
eg
, while






. It is the restricted size of the soft scalar mass
parameter, m
0
, relative to M
0
that causes the sleptons
to be rather light in both the minimal-supergravity and
dilaton-like models. Indeed, slepton masses are largely
generated by renormalization-group evolution from the
M
0
gaugino seed value at M
U
; only the squarks acquire
masses comparable to m
eg




Despite these broad similarities of all the models,
there are important details that vary as a function of
3model, tan  and m
eg
. The most important issue for
Tevatron phenomenology is whether e
0
2






e are kinematically allowed or not. When allowed,
the e decays invisibly, e
0
2
decays are dominated by the








and the ` from e
+
1
is soft, SUSY detection at the Tevatron
becomes dicult. Note that it is the low scalar slepton





considered here that allow a delicate variation as to which
channels are allowed.
LEPII is less sensitive to this kind of detail since
it will generally discover anything for which adequate
energy is available. The fairly similar mass scales for
sleptons and charginos as a function of m
eg
{tan  in
the various models imply similar discovery limits for
the models at LEPII. To specify the actual discovery
boundaries in parameter space we assume
p
s = 200GeV,
with integrated luminosity of L = 500 pb
 1
. In this






















< 95GeV. The resulting discovery limits
are indicated by the dotted and short-dashed lines in
Figure 1. Note the large equivalent m
eg
values probed,








105GeV, i.e. the portion of parameter
space to the left of the dot-dashed line.
To explore the Tevatron discovery limit, we employed
ISASUSY [3] to generate all types of SUSY production
processes, including complete decay chains. Events were
generated for a series of m
eg
{tan  choices within the
allowed parameter domain for each model. At Tevatron





















, with egeg; egeq; eqeq processes being
relatively small (due to the large eg and eqmasses compared
to the Tevatron energy).
We then imposed cuts appropriate to looking for a
variety of dierent types of signals. After examining
backgrounds for these same cuts, we found that for L =
1 fb only three types of signal were useful: i) the missing
energy (E
T
= ) signal; ii) the same-sign (SS) dilepton
signal; and iii) the tri-lepton (3`) signal. More or less
independent of model, the E
T
= signal will allow SUSY
detection out to about m
eg
= 300GeV. The missing
energy signal has signicant contributions from many







(where one of the leptons is missed or soft) and
ege; eqe | egeg; eqeg; eqeq sources contribute at a lesser rate.
The discovery boundaries arising from combining the SS
and 3` signals (both of which are essentially background-
free for our cuts | we require 5 or more events in one or
the other) are shown by the long-dash curves in Figure 1.
Only in the D
 




300GeV) as for the E
T











500GeV. As discussed earlier, this dierence is
















are kinematically forbidden, implying signicant 3-body







Experimentally, in models with light sleptons the
signature for E
T







is a small number of associated jets. Indeed, events with
few or no jets is the most characteristic feature of models
in which them
0
parameter is smaller thanM
0
. If sleptons
and sneutrinos are heavy due to a large value form
0
, then







will contain three leptons only part of the time. The
smaller number of purely leptonic nal state events means
that the SS and 3` signals generally cannot probe much
beyond m
eg
 300GeV. For a review of such scenarios see
Ref. [4].
Finally, we note that Figure 1 delineates fairly clearly





(NLC) for exploration of supersymmetry with minimal-
supergravity or dilaton-like boundary conditions. For
gluino masses below m
eg
 500GeV, discovery of
supersymmetry at LEPII and/or the Tevatron would be
quite likely, but event rates could be very low. The
gluino and heavier squarks would be likely to escape
detection unless m
eg
is substantially below 500 GeV. At
the LHC the eg and eq's would be produced at high rates,
allowing detailed studies of their properties, including
cascade decays. An NLC with
p
s  500 GeV would
be an extremely valuable complement, allowing precise
determination of the masses and decays of the inos
appearing in the eg; eq cascade decays. For m
eg
much
beyond 500 GeV, discovery of supersymmetry at LEPII or
the Tevatron will not be possible (except for the h
0
which
might be light enough to be observed if tan  is small).
However, observation of the gluino and squarks up to
m
eg















(with masses of order 1/4 to 2/5 of
m
eg
) can be easily discovered and studied at an NLC with
p
s in the 500 GeV to 1 TeV range. Overall, the minimal-
supergravity and dilaton-like boundary conditions imply
a very real possibility of discovering supersymmetry
at LEPII and/or the Tevatron, and would certainly
guarantee exciting prospects for the future at LHC and
an NLC.
3. Other Recent Work
The above establishes a basic phenomenological frame-
work for discussing SUSY detection. Of course, there
4were many contributions to the conference relevant to this
topic. I give a brief overview; the reader should consult
the papers for details.
First, of course, are the steadily improving limits on
the production of SUSY particles at LEP. These eliminate
portions of the supersymmetric parameter space, provid-
ing important constraints on model building. Especially
important are constraints deriving from non-observation
of ee decays of the Z [5], which provide critical restric-
tions on the allowed domain in the {m
eg
parameter space
in the context of the MSSM.
Additional constraints that could be included in
restricting the allowed parameter space of a given model










are small and tan  is small,
then Ref. [6] shows that the associated new loop-diagram
contributions are such that consistency with the well-
established mixing results is not guaranteed, and such
constraints should be included. Unfortunately, sensitivity
to the additional loop diagrams diminishes rapidly for
tan values above 2.




upon SUSY detection (emphasized above), was also
examined for LEP200 and the Tevatron in Ref. [7].




, or if we ignore the
unication context altogether, then one cannot entirely
rule out the possibility that the gluino is very light [8].
As pointed out in Ref. [9] (see also references therein), a





) as extrapolated from deep inelastic scattering
data (which yields a value of about 0.108 in the absence of




) = 0:122 value extracted
from LEP data.
Detection of the SUSY Higgs bosons is a critical
issue. Currently, there are recent limits from LEP [10].
In the near future, we have seen that Higgs detection
in the Zh
0
mode at LEPII can provide an important
discovery channel for SUSY. SUSY Higgs detection at
hadron colliders is substantially more dicult. New
modes for Higgs discovery at the Tevatron and LHC
have been explored during the course of the last year
[11]. Techniques were developed for: a) detection of














in their primary bb decay modes via
W Higgs, ttHiggs and bbHiggs associated production
[13]. The results of these studies are easily summarized.
The most promising mode at the Tevatron is Wh
0
associated production with b-tagging. However, for
integrated luminosity of 10 fb
 1




values up to the LEPII discovery limits.
In contrast, at the LHC the b-tagging detection modes
could ensure that at least one of the SUSY Higgs bosons
will be found, in principle closing the famous hole [11] in
parameter space where no SUSY Higgs would be found
at the LHC employing the standard  (or `) and 4`
nal states. However, for these modes to be viable, it
is necessary that b-tagging be about 40% ecient and
99% pure (i.e. no more than 1% mis-tagging probability
for light quark and gluon jets). It is not yet clear that
the required eciency and (especially) purity can be
achieved in the high luminosity, multiple-interaction LHC
environment.
With regard to specic models, we note that the
supergravity/superstring models discussed earlier [1] all









. The lighter h
0
is predicted to
have mass below about 115 GeV and relatively SM-like
couplings. Figure 1 shows that for much of parameter
space, the h
0
would be observable at LEPII with
p
s =





230  250 GeV. Observation of the h
0
at







might escape observation. At a hadron
collider, their decays to ino-pair and slepton-pair nal
states are important and dilute normal detection modes,
while the SUSY decay modes are not easily employed in













pair production (the only







is restricted by machine energy. For
p
s = 500 GeV,
discovery would only be possible for masses below about
220-230 GeV. Thus, there is a signicant chance that
these heavier MSSM Higgs bosons would also not be seen
in the rst years of operation of the NLC (i.e. prior to
upgrading the NLC energy to  1TeV).
Regarding the charged Higgs, the CDF group has
searched for t! H
+
b decays in tt events in dilepton nal













105GeV and large tan
values [15]. Of course, if m
t

















decays could dominate if allowed [14], yielding much more
complicated nal state signatures.
Extensions of the MSSM to include an additional
singlet Higgs eld continue to be of interest. In one
contribution to this conference [16], it is demonstrated
that the lightest Higgs (S
1




 156GeV. In related work, it was shown
that the S
1
or the next lightest S
2
is guaranteed to be
observable at an NLC (with
p
s  300GeV), via ZS
1;2
production, provided the theory remains perturbative at
all scales during RGE evolution [17].
Of course, the supersymmetric extension of the SM
may not turn out to be that of the minimal model. If
there is unifying group larger than SU (5), such as E
6
or a
5L R symmetric group, then one must reassess the impact
of the additional SUSY particles on the RGE coupling
unication and radiative electroweak symmetry breaking.
Assuming that this program is successful, many new
eects and signals for SUSY could arise in such models.
For example, in one contribution [18] it is demonstrated
that virtual eects from E
6
model interactions could give
rise to  ! eee and Z ! e decays at an observable









collisions via virtual u-channel exchange diagrams, but
also would provide a number of unusual and clean signals












If R-parity violation is present in the supersymmetric
theory, then detection phenomenology undergoes consid-
erable change. Early work [20] pointing out the impor-
tance of leptonic signatures (as opposed to missing en-
ergy signatures) has recently been extended in Ref. [21]
to show that these leptonic signatures could be spectac-
ular if the only source of R-parity violation is a superpo-






, where the L and E
superelds are those for the lepton doublets and singlets,




visible leptons, and the importance of leptonic signatures
is apparent.
Finally I mention the results of Ref. [22] in which
the possibility of including a fourth generation in the
standard MSSM context is considered. The result is that
this remains a possibility without violating perturbative
limits on any of the Yukawa couplings, including those
associated with the fourth generation, but only if exact




masses will be accessible with increased luminosity








are such that these new leptons would certainly be
observed at LEPII.
4. Conclusions




s = 200GeV and L = 500 pb
 1
would be relatively complementary in searching for
SUSY in the minimal-supergravity and dilaton-like
superstring/supergravity-motivated MSSM models out-
lined earlier. Experimentalists should be encouraged by
the relatively large values of the m
eg
parameter that can
be explored by combining these two machines. If these
kinds of models are correct, we may not have to wait until
the LHC and/or an NLC to nd the rst signal for SUSY.
New modes for Higgs detection at hadron colliders
have been developed, and, at the LHC, show considerable
promise for providing a true guarantee that at least one
of the MSSM Higgs bosons will be detectable. In this
regard, b-tagging at the LHC could prove crucial, and
deserves maximal eort on the part of the LHC detector
collaborations.
Finally, supersymmetric models with extended gauge
groups, R-parity violation, or a fourth generation all
provide interesting new phenomena and experimental
signatures, many of which could prove to be of particular
interest at Tevatron energies.
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